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Plans 


By 
G. J. STEGEMERTEN, 
Westinghouse Electric & Mfg. Co., 
Pittsburgh, Pa. 


The National Association of Cost Account- 
ants does not stand sponsor for views expressed 
by the writers of articles issued as Publications. 
The object of the Official Publications of the 
Association is to place before the members 
ideas which it is hoped may prove interesting 
and suggestive. The articles will cover a wide 
range of subjects and present many different 
viewpoints. It is not intended that they shall 
reflect the particular ideas of any individual 
or group. Constructive comments on any of 
the Publications will be welcome. 


Additional copies of this Publication may be 
obtained from the office of the secretary. The 
price to members is twenty-five cents per copy 
and to non-members seventy-five cents per copy. 
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EDITORIAL DEPARTMENT NOTE 


With increased size in our producing and distributing 
units throughout all branches of industry, it has been 
found necessary to develop some means of bringing about 
the spirit of individual enterprise which, in a small organi- 
zation, is one of the main reasons for profit. With owner- 
ship widely separated from operation it has been found 
necessary to develop some plan which would bring home 
to employees in all branches of industry the need for 
their efficient operation in order that a profit goal for the 
business as a whole and for themselves could be realized. 
Our Tenth International Cost Conference emphasized in 
the minds of our members the need for a serious study 
of wider application of incentive plans in business. Many 
of our members there for the first time caught the neces- 
sary vision to bring about a healthy inquisitiveness as to 
the whys and wherefors of these plans. 

Our paper this time is the first of a series of three pub- 
lications which will deal exclusively with incentive plans. 
This paper shows briefly how one of the large organiza- 
tions gets its basic data through time studies. This 
paper will be followed by two other papers which will 
take up the application of incentive plans in several 
branches of a business. 

Mr. J. G. Stegemerten, the author of this paper, was 
graduated from High School at Washington, D. C., in 
1909. Soon after his graduation he went with the West- 
inghouse Electric & Mfg. Co. at East Pittsburgh, Pa., 
where he obtained wide practical experience in general 
machining, fitting and assembly work. At the same time 
he took a general engineering course in a night school and 
in 1917 entered the aviation service of the U. S. Army 
where he served as a mechanic. 

At the close of the war he entered the Time Study 
Department of the Westinghouse Electric & Mfg. Co. 
where after three years’ training on time study work, he 
was promoted to the position of Time Study Supervisor. 
He served in this capacity in various departments of the 
organization and was very active in installing the Stand- 
ard Time System. In September, 1926, he was appointed 
Superintendent of Time Study in which | erg => he has 
charge of all time study activities at the East Pittsburgh 
plant. 

Mr. Stegemerten is the author of several papers on 
Wage Incentives and related subjects, notably among 
which was the paper on Job Standardization prepared for 
the Fourth International Management Congress held at 
Paris, June, 1929. He is also co-author with S. L. Lowry 
and H. B. Maynard on the book “Time and Motion Study 
for Wage Incentives.” 

This paper was delivered before the Pittsburgh Chapter. 
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THE BASIS FOR WAGE INCENTIVE PLANS 


N° ATTEMPT is made to offer apologies for the existence of 

wage incentive plans, as it is taken for granted the reader of 
this article is a believer in them. Rather an endeavor will be made 
to explain more especially the underlying principles of the system 
and methods as used by our company in order that it may be seen 
at a glance just how our Standard Time plan functions, it would be 
well to show first a comparison of the manner in which the prin- 
cipal incentive plans differ. 

Figure 1 shows a comparison of the better known wage payment 
plans. At the upper left hand corner, the formulae for calculating 
earnings under each plan are given. The curves illustrate the ac- 
tual application and are based upon a percentage of the day work 
rate. 

It is known that crude forms of incentive plans existed centuries 
ago. For our purpose here, however, any comparisons made will 
refer to the incentive plans as applying to industry in, say, the last 
seventy-five years. In the early days little thought was given the 
unit of measurement, or rather, the basis for determining earnings. 
The foreman, who usually determined the allowance, resorted 
mostly to guess methods, using himself as the measuring stick and 
comparing all performance to what he felt he could do. Frequently, 
however, jobs were timed but the timing was more of an overall 
check and was done with the ordinary pocket watch. When a cer- 
tain number of values were set, other jobs were compared to them. 
Liberal allowances brought about little embarrassment as ruthless 
cutting was resorted to, this being supposedly a good means of 
control. 

It is understood that this was the method of determining allow- 
ances—which were usually in terms of so much money per unit— 
until Dr. F. W. Taylor, who is regarded as the “founder of Scien- 
tific Management”, formulated the basic principles upon which, in 
a sense, modern industry now rests. It came somewhat in the 
nature of a discovery with Dr. Taylor, resulting from analyses and 
investigations conducted for the purpose of obtaining material for 
the “Art of Cutting Metals”. In these studies, the performance 
of various kinds of metal were recorded as to speeds, feeds, life of 
the tool, etc. Dr. Taylor recognized that many things presented 
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themselves by breaking up a job or operation into its elements, and 
hence it might be said the basis for scientific management—the 
segregation of elements—was in reality a discovery. 

Many different methods of making studies are at present em- 
ployed but all resort to breaking up the job into its details or ele- 
mentary operations and then arranging these elements in proper 
sequence. This procedure is referred to as the making of the mo- 
tion study and the elementary operations arranged in proper se- 
quence are the actual motion study. 

There are two methods of making the motion study. One has to 
do with observing the operator at work and making a complete 
record of all elements performed together with the attendant con- 
ditions. The other method employs a motion picture camera which 
makes a photographic record of the course of small electric light 
bulbs attached to different parts of the operator’s body while he is 
performing a given operation. By studying these films the num- 
ber of elements is supposedly reduced to a minimum and the one 
best method determined. All operators concerned are then taught 
this method and by so coing the sponsors of this system feel they 
have eliminated the element of skill. Having made the motion 
study and recorded the elemental watch readings for a number of 
cycles—this number depending upon the nature of the piece studied 
and the length of the cycle—the summary is then made. 

Many different methods of obtaining the most representative 
value for each elementary operation exist, the most common among 
which are: 

1. Straight averaging. 

2. Arranging successive times according to magnitude and 
using a percentage selection. 

3. Variation—adjusting the average by the amount of the 
deviation from average. 

4. Leveling. 

The leveling method is probably the latest development along this 
line and is considered the best method by many authorities. This 
may sound somewhat egotistical in that the method originated with 
and is now employed by our Company. 

An explanation with the use of a sample time study sheet will 
serve to illustrate this method and at the same time will make clear 
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some of the adjuncts of a time study which have already been re- 
ferred to. 


Figure 2. Front of Time Study Sheet 


The face or front of our time study sheet is shown in Figure 2. 
The elemental operations are listed in the oblique lines at the top 
of the sheet and watch readings are recorded in the columns 
headed “R”. By subtracting between watch readings, the elemental 
elapsed times, “T”, are determined. 

Subnormal and abnormal values are encircled and disregarded in 
the “Summary” at the bottom of the sheet. The method used in 
handling “Foreign Elements” at the termination of a regular ele- 
ment, or in the middle of a regular element, is clearly shown. The 
letter “M” appearing in several of the “R” columns signifies that 
the time study “missed” these readings. 

At the lower right hand corner of the sheet, space is provided 
for grading the performance shown on the study. The observer 
indicates according to his best judgment his opinion of the oper- 
ator’s Skill, Effort, and Conditions. The grading of Consistency 
depends upon the lines minimum “T” and Maximum “T” which 
give the lowest and highest occurrences for the different elements. 
This variation determines the grading to be given Consistency, 
which grading incidentally is a matter of judgment. 

In the example, numerical values are inserted opposite each com- 
parative term of Skill, Effort and Consistency merely for the pur- 
pose of illustration. As a matter of fact these values do not ap- 
pear on the time study sheet while the study is being made, the 
reason being that it is thought preferable to have the observer grade 
these characteristics by comparative terms such as Good, Excellent, 
Fair, Poor, etc. 

As will be seen in the example, after subnormal and abnormal 
values have been eliminated, each column is added and divided by 
the number of observations, giving the average “T”. In keeping 
with the principle of leveling, this average must be adjusted ac- 
cording to the grading given the performance. This is determined 
by adding algebraically to unity numerical values corresponding to 
the gradings given the performance. In the example given, the 
leveling factor is 1.15. The rest of the calculation is self-explana- 
tory, the percentage allowance being made to cover unavoidable de- 
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lays, normal interruptions, personal needs, etc., and depending upon 
whether the elementary operation is part handling, machine hand- 
ling, or machine feed. 


Figure 3. Back of Time Study Sheet. 

All identification of the job studied appears on the reverse side 
of the time study sheet as will be noted in Figure 3. Where sketches 
have a tendency to clarify the situation they should be included. 
The determination of the total standard time allowances is also 
taken care of on this side of the sheet. It is essential that all con- 
ditions which existed at the time the time study was made, appear 
here for future reference. 

In arriving at the figures used in the Performance Rating Table, 
many studies were made on different workers and under different 
conditions throughout the East Pittsburgh Works and the results 
compared. In this manner a common understanding of the differ- 
ent degrees of skill and effort were obtained and appropriate nu- 
merical values chosen. 

In a similar manner, many studies were made over long periods 
of time to determine the amount of time required to take care of 
personal needs, normal interruptions, etc. 


Using the Time Study 

In standard-product plants where the operator does the same 
thing over and over, for example, the automobile industry, gar- 
ment factories, the manufacturing of kodaks, etc., it is readily seen 
that there is no use for the time study after the time allowances 
have been established. On the other hand, in plants where the 
product varies daily, it is necessary to make a more extensive use 
of time studies. 

In our plant, 160 time study men set 100,000 time allowances 
monthly. To accomplish this by indivdual time study would re- 
quire many times the number of our present time study force which 
of course would be almost prohibitive. The fact is, we set 80% 
of our allowances by means of formulae. The formula contains 
in most cases an algebraic expression which, through substitution, 
gives the desired time allowance. 

Representative time studies of a given activity are arranged on 
a so-called “Master Table of Detail Time Studies”. 
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Figure 4. Master Table of Detail Time Studies. 


Figure 4 shows a portion of a sample Master Table of Detail 
Time Studies from which all values for formulae are taken, the 
sheet accommodating the results of twenty time studies. All ele- 
mentary operations found on all studies taken on a given class of 
work are listed under “Operation Descripton” and the values from 
these studies are listed opposite these descriptions in the proper 
columns, thus giving at a glance a ready comparison or summary 
of all data collected on the different jobs. 

The time study man, with a thorough understanding of how 
each value was determined, is able to select the most representative 
value for each constant element and uses the values appearing for 
variables in making curves and charts. 

When values have been determined for the various elements and 
the formula expression decided upon, the formula report is made 
according to the outline shown in Figure 5. 


Figure 5. Outline of Formula Report. 


Figure 5 gives the outline which is followed in writing up a for- 
mula report. Under “Part” wiil be found the name or type of 
apparatus to which the formula applies; the “Operation” gives a 
complete description of all operations performed on this type of 
apparatus ; the “Application” gives the limits between which the 
time values apply as well as governing conditions ; “Work Station” 
indicates the location at which the study was made, for example, 
“bench”, “floor”, etc. ; the “Allowed Time” indicates the method of 
arriving at, or the expression for computing, the ultimate time 
values (this may be obtained by selecting time allowances for op- 
erations which were listed in a motion study, or, from curves or 
algebraic expressions) ; the “Analysis” gives a complete story of 
all conditions incident to the proper carrying out of the operation ; 
the “Procedure” as the name indicates, shows the logical sequence 
of elementary operations; under the heading of “Time Studies” 
will be found a list of all studies used in making the formula; 
“Table of Detail Operations” includes all elementary operations 
performed in the studies of all jobs; the “Synthesis” as the name 
indicates is the building-up process or explanation of the manner in 
which curves or algebraic expressions or combinations of opera- 
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tions are made; under “Inspection” will appear, in the most spe- 
cific terms, requirements made by the Inspection Department, for 
example, tolerance, finish, etc. ; and “Payment” shows the particu- 
lar type of wage payment plan used. 

The routine time study man who is to apply the formula will 
have little occasion to refer to all of these subdivisions after he has 
familiarized himself with the contents. 

To expedite the establishing of time allowances, therefore, those 
parts of the formula, which must be consulted each time a value 
is set, are placed on what is known as a “Working Sheet” and this 
sheet is inserted in the formula book of the section involved. 


Figure 6. Formula Working Sheet. 


The formula working sheet is in reality a condensed formula, in 
other words, that part of the formula which is required to enable a 
time study man to set an allowance, is taken from the formula and 
put in most convenient form. The man using the formula working 
sheet will first have a full understanding of the way in which values 
were derived and will understand how values are built up in the 
synthesis, but it is not necessary that such information appear on 
the working sheet. The formula books used by routine time study 
men are filled with working sheets of this nature, thereby expe- 
diting the setting of time allowances. 


Formula Number 


Date 

Part: 
Operation : 
Application : 
Work Station: 
Allowed Time: 
Analysis : 
Procedure : 
Time Studies : 
Table of Detail Operations : 
Synthesis : 
Inspection : 
Payment: 

Fig. 5—Outline of Formula Report 
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Possible Application of Incentives 

A much debated question is: Where should incentive plans be 
applied? We feel that the applicaton of incentives is limited only 
by the possible results accomplished, that is, to say, there is scarcely 
an activity which cannot be measured but it is true that certain ac- 
tivities would not permit of profitable application. Where it is 
necessary that a man be in attendance on a certain piece of equip- 
ment day in and day out, whether or not much exertion is required, 
it would be unwise to place him on incentive. Such activities are: 
watchmen, elevator operators, and switchboard operators. 

We have, however, many successful applications of an unusual 
nature among which are: maintenance work—window cleaning, 
painting, jaintor work, and maintenance wiring; transportation ; 
tool work; die work; power house activity ; storerooms ; material 
handling. Many of these activities, formerly considered indirect 
labor, are now considered direct labor and written up as regular 
operations which are charged directly to the stock order. In the 
case of material handling, for example, the relation to the produc- 
tive operations is determined and the operation written up regu- 
larly. In costing, as has already been suggested, this item is re- 
garded as direct labor and included in the cost of the product rather 
than in the overhead as an expense item. 


Group Plan 

Although the results obtained from incentive systems have been 
remarkable, there are, at the same time, some disadvantages which 
occur from having a number of workers concentrating only on their 
own individual production. Each worker realizes that he is paid 
only for what he produces, and it is but natural that he should 
strive to increase his own output, regardless of all else. He feels 
that he has no time to help out new men or give a neighbor worker 
a hand when needed, and he is unwilling to lose time hunting lost 
material, doing a little extra work for which he is not directly paid 
but which will improve quality, speed up work as a whole or help 
out the supervisory force. In other words, individual effort is 
stimulated at the expense of cooperative team work. To correct 
such conditions, we use a Group System. That it has accomplished 
its purpose has been proven by successful application in many and 
varied lines of work within the company. A group is a number 
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Part: 
OPERATION : 


MACHINE: 


STANDARD TIME: 


APPLICATION: 


INSPECTION : 


PAYMENT: 
APPROVED: 


Formula F-1, No. 26. November 15, 1925. 
Controller shafts. 
Grind gear, handle, star wheel, and bear- 
ing fits. 
Norton Grinder, Size 6” 32” (2” Stone) 
W. E. & M. Co. No. 23793. 


First Piece Time 
.163 + T + 3 (Each Additional Piece 
Time). 
Additional Piece Time 
+ .0135 Y + .0086 
t —1) 
Where Ls = Total length in inches of 
fits 174” or under. 
Lt = Total length in inches of 
fits over 174”. 
T = Values from Table I. 
X = No. of fits 174” or under. 
Y =No. of fits over 174”. 
Taste I. 
True Stone 
No. of fits 
per shaft Dec. Hours 
I 


2 -1068 
3 -1602 
4 .2136 


5 

This formula applies to rough and finish 

grinding of shafts up to and including six 
pounds where léngth of fit does not ex- 
ceed eight inches, as done in Section F-1 
with methods and equipment as at present. 
Inspected for size. Inspection require- 
ments are :— 


Handle, star wheel and gear fits “++ 0005 
— 0000 


§ —ooro 


Bearing Fits. 


Standard Time Job Basis. 


RATE 


FOREMAN RATE DEPARTMENT 


Fig. 6—Formula Working Sheet 
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of workers doing usually the same class of work whose entire out- 
put is pooled and then distributed on the basis of hours worked. 


Figure 7. Group Earnings Sheet (Distribution of Group Earnings). 


This form is provided for the purpose of determining the pay 
of each group member and takes care of all possible variations in 
reporting time, such as instruction hours, inventory hours (work 
performed on incomplete jobs), and elpased standard time hours, 
and indicates the exact calculations made for each. It will be seen 
that apparently two different plans of standard time are used, 
namely, Differential Standard Time and Straight Standard Time. 
Differential Standard Time is used on all cases where output is not 
directly proportional to effort expended, for example, storeroom 
work. Under this plan the group receives that part of the time 
saved to which it is felt they are justly entitled, this being de- 
termined by the factor used. The rest of the form is more or less 
self explanatory. 

For example, assume a five-man group and designate the indi- 
viduals as A, B, C, D and E. Assume a two-week pay period in 
which time is 100 working hours and that during the period “A” 
worked full time or 100 hours, “B” did likewise, “C” worked 80 
hours, “D” worked 75 hours and “E” worked go hours. The total 
hours worked by the group then are 100 + 100 + 80 + 75 + 90 
or 445. 

If during this time the total allowed hours for the group’s output 


600 
are 600, the group efficiency has been —— or 134.81%. 


The money earned by the various members is calculated as fol- 
lows: assuming that A’s rate is 54¢, B’s rate, 45¢, C’s rate, 40¢, 
D’s rate, 45-, and E’s rate, 54¢. 


A’s = 100 X 134.81% X $.60* = $80.89 


B’s = 100 X 134.81% X .50 = 77.41 
C’s= 80 X 134.81% X .40 = 43.14 
D’s= 75 X 134.81% XK .50 = 50.56 


E’s= 90 X 134.81% X .60= 72.85 


*Since the group has “made out”, or, performed the work within the 
allowed time, each member will be paid his share of the allowed time at a 
rate approximately 12% higher than his day work rate. This higher rate 
is termed the “Standard Time Rate”. 
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As was previously said, there is greater cooperation among men 
in a group than among individuals. Since everything that will aid 
in the completion of the work will mean more money for the group, 
and hence for each man, the individual is willing to help the other 
fellow whenever necessary. This willingness to cooperate with one 
another increases with the length of time the group has been work- 
ing together, until a group spirit is built up which will affect every 
man in the group. 
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